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1) The genetic basis of physiological races of phytophthora 
All characters of living organisms. whether morphological, physiologi-
cal, or bioc hemical , undoubtedly are genetically determined. The ability 
of a Eew microorganisms t o attack a limited range of plant species and the 
within-species variation in disease development also are presumed to have 
genetic bases. Such a variation in disease expression was used to develop 
the gene- for-gene concept (Flor, 1955). Its development and most of its 
subsequent application has been with the qualitative infection types (IT's) 
of rusts and mildews. Ellingboe (1976) has extensively used and written 
about the gene-for-gene concept. Loegering (1978) used it also to develop 
interorganismal genetics -- the study of the interactions among the genes 
of the symbionts in symbiotic associations. 
Phytophthora (root) rot does not have distinct IT's ranging from hyper-
sensitive 0 fleck through large IT4 pustules. Soybean hypocotyl inoculation 
with phytophthora mycelia or zoospores is not natural but repeatable. Plants 
are generally dead or healthy after several days, although there is some 
variation (Ward et al . , 1979). However, the same basic principles of inter-
organismal genetics apply even though the disease phenotypes are quite dif-
ferent. 
The historical development of the Phytophthora-soybean association is 
very similar to the cereal rusts although more recent. Laviolette and Athow 
(1981) summarized the history. The disease was first observed in 1948, but 
it was 1959 before the causal organism was named Phytophthora megasperma f. 
sp. sojae (now glycinea). Resistance of soybeans to it was identified, and 
it appeared to be due to a single dominant gene -- amenable for backcrossing 
into all available cultiva r s. It was no great surprise when race 2 was re-
ported in 1965; some isolate differences in virulence had been observed pre-
vious]y. Thus, we had the basic pattern of one gene pair in each organism 
-- the corresponding gene pairs (CGP) which were the basis used to develop 
the gene-for-gene hypothesis. 
Race 
1 2 
'Sa nga ' + 
'Ha rosoy' + + 
This isn't the pattern most of you were looking for -- it will be discussed 
l a ter. Ellingboe (1976) used - for incompatible and + for compatible rela-
tionships . The differences could be large or small, but detectable. 
Race 3 was 
imposed on the 
the first place 
reported in 1972, so now we definitely had specificity super-
basic compatibility necessary for the disease to develop in 
(Ellingboe, 1976). Specificity is due to different CGPs; 
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Race 2 
2 3 
'Mukden' + 
Sanga + 
the genetic basis of basic compatibility is not well-defined (Heath, 1981). 
Keeling (1980) reported races 10 to 16. Apparently, more are in captivity 
awaiting naming. There probably are at least 10 Rps genes. The correspond-
ing variation in Phytophthora gives us 210, or 1024, possible races to iden-
tify, a horrifying possibility. 
Loegering (1978) objected to the use of + and - because people tend to 
interpret them as host susceptiblity and resistance . These are useful anthro-
pocentric terms, but detract from the pure genetics of symbioses. Loegering 
used Boolean algebra to eliminate any good-bad connotations of the phenotypes. 
1 0 ln 
o~ 
The 1 and O's outside the box represent the definitive (Dor 1) and non-
definitive (N or 0) genotypes of the two symbionts; dominance , homozygosity 
or ploidy are not implied. Inside the box are the phenotypes of the associa-
tions which are determined by the genotypes of both organisms. The D or l 
phenotype results only from D or 1 genotypes of both organisms, which can be 
represented as p (pathogen)/h (host) lp/lh = 1 phenotype . This lp/lh is the 
genotype of the association. An N or 0 phenotype can result from three dif-
ferent association genotypes, i.e., lp/Oh, Op/lh, or Op/Oh. These relation-
ships are the basis of interorganismal genetics, and I hope to show how it 
can be useful with Phytophthora. The D or 1 phenotype is generally the de-
sirable one (host resistant) in most associations or diseases, including 
phytophthora rot. Victoria blight of oats usually is given as the excep-
tion, with D =undesirable (host susceptible). Ellingboe (1976) suggests 
this is the evolution of the basic compatibility which genetically seems rea-
sonable. 
The pattern observed with Victoria blight of oats also can be found 
with phytophthora rot, although the genetics are completely different . We 
know that Mukden has Rps
1
a and Sanga has a non-a allele, a host gene pair 
Race 
1 2 
Mukden 
Sang a + 
for reaction. Obviously, there is 
Sanga which appears to satisfy the 
:;.! pattern and the Victoria blight 
a pathogen gene pair for pathogenicity on 
definition of CGP. However, the usual 
+-exception _ - occur wi.th ONLY one 
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corresponding D genotype in each organism. Intraorganismal genetics iden-
tifies the genes which can be postulated from interorganismal D phenotypes. 
Distinctions sometimes appear to be arbitrary and unnecessary. We know 
that Sanga has Rps b, a D genotype, designated here as lhlb. This means D, 
host, locus 1, and1 allele b. Similarly, Mukden is lhla. Race 1 has both 
corresponding definitive genotypes, lpla and lplb, which gives the associa-
tion genotypes lpla/lhla and lplb/lhlb and the desirable D or 1 phenotype 
of healthy plants of Mukden and Sanga. The same association genotype is 
effective wi t h race 2-Mukden. Race 2-Sanga is 
lpla,Oplb 
lhlb 
and the undesirable N or 0 phenotype because the plant is dead from hypo-
cotyl inoculation. In the field, plant injury would vary with environmen-
tal conditions . Obviously, a homozygous diploid plant cannot have 2 dif-
ferent alleles at a locus. Such allelism is common in the host but rare 
or nonexistent in the fungi; Phytophthora does not appear to be an excep-
tion. 
The interacti ons might be easier to visualize if it had been demon-
strated tha t when resistance and avirulence were dominant, induced host 
lectins (L) bound specific pathogen carbohydrates (C) to stop their growth. 
L-C binding is similar to antibody-antigen fonnation (Lis and Sharon, 1973) 
which are specific with much genetic variation . Then the Mukden Lla could 
interact with the complementary gene product Cla to stop development of 
cultures representing races 1 and 2. The Sanga Llb would bind the race 1 
Clb which race 2 does not have. In the host heterozygote, neither allele 
"<lominates" the other, in agreement with the results published. On the 
other hand, several other processes may be responsible for all the results. 
A number of Rps genes have been identified. Using the definitive re-
lationship of the association genotype (pathogen/host, p and h omitted for 
brevity) 1/1 = 1 phenotype, we can assign genotypes to Phytophthora from a 
table of single-gene host lines-races like the one Alan Walker dist ributed 
at our St. Louis meeting (1982). Race 1 has the genotype: lla, llb, llc, 
llk, 12, 13, 14, 15, 16; race 2 differs only as Olb and race 3 as Ola. 
People at Purdue are developing three-gene lines . One of these lines with 
race 7 would have 
Ola,llb,llc,lk,02,03,04,05,06 
llb 02,13,04,05,16 
with the definitive phenotype (host resistant) due the corresponding llb's. 
A mutation in Phytophthora to Olb would make it capable of damaging this 
line with three genes for resistance. The D phenotype in this example is 
"epistatic" (Loegering, 1978) to all the possible N phenotypes . This also 
occurs where several IT ' s are indicated in the association genotype; genes 
functioning later cannot be observed when disease development ceases earlier. 
a . h Rps1 is rat er cumbersome and could be more simply written as Prla, 
indicating phytophthora rot locus 1, a llele a. This follows the usage with 
leaf and s£em rusts (Lr, Sr) etc., whebe dominance also is not indicated . 
Prla (Rpsl ) is dominant to Prlb (Rps1 ) with race 1, but Prlb is dominant 
to Prla with race 2?! These are the definitive genotypes (lla and llb) in-
teracting with the corresponding pathogen lla and llb. If we can specify 
genes, do we still need races? 
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Green (1965) proposed a method by which races were described by "effec-
tive/ineffective host genes" with different combinations given code numbers. 
Loegering and Browder (1971) changed this to a pathogen orientation with 
avirulence/virulence formulae, retaining the use of codes . They assigned 
sequential numbers to the differentials , which were not an absolute set . 
These numbers were to be used in the formulae. Browder et al . (1980) sug-
gested the pathogenicity formula avirulence/virulence without any codes or 
numbers. They effectively argued that codes serve the same function as 
race designations and both should be eliminated. Using differentials wlth 
single genes does have some advantages, although sometimes additional genes 
are identified in putative single-gene lines. The results could be ex-
pressed with the orientation to the host (effective/ineffective) , pathogen 
(avirulent/virulent), or both, by the association phenotype D/N. The baslc 
definitive (D) phenotype has some advantages since it specifies the geno-
types of both organisms. The two categories in all three systems are mu-
tually exclusive, thus only one need be listed, e.g . , D, when the host lines-
genes are included . If all isolates from a field on six single-gene lines, 
e.g., Mukden (pr la), Sanga (pr lb) 'Arksoy ' (prlc), ' Kingwa ' (prlk), 
PI 86972-1 (Pr3) and 'Altona' (Pr6), have the D formula la, lk, 3, 6, then 
the Phytophthora population has the active la, lk, 3 and 6 alleles and cul-
tivars with any one of the corresponding Pr genes would not be damaged. 
The specific host genes to include in the differentials would depend 
on the objectives of the survey or experiment. The number of Pr genes 
identified is increasing, and it may be urunanageable to use them all sepa-
rately. Multigene lines would help identify additional pathogen genes, but 
would give incomplete information about the presence of known pathogen genes 
due to "epistasis." 
Considerable effort is necessary to determine genetic uniformity within 
fields and factors effecting changes. However , this must be done where Pr 
is a severe problem. Athow (1973) indicated that Pr did not become a prob-
lem until very susceptible cultivars were widely grown. Field or general 
resistance may be adequate on many soils -- didn 't Hartwig use natural se-
lection to increase it? Farmers must also consider other diseases, nema-
todes, lodging, yield, etc . Establishing the importance of any pest objec-
tively is rather difficult but should be done, with the alternatives evalua-
ted, before specific corrective measures are adopted. 
We speak of specific genes (genotypes) in soybeans. A definitive as-
soc iation pheno type results from only the definitive genotypes of both or-
ganisms. Thus, we can identify specific Phytophthora genes . It seems that 
the genetic composition of Phytophthora populations should tell us more about 
them than arbitrary race classification. Physiological specialization may 
be due to a deletion or change at only one locus. 
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